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This letter suggests to the LDO regulator with the 

high reliability ESD protection circuit that 

achieves low peak voltage through analog switch 

structure. The proposed LDO regulator has the 

function of detecting the output voltage 

fluctuations depending on the load via an analog 

switch structure and effectively controlling the 

peak voltage. The proposed ESD protection 

circuit is placed on I / O and power lines to 

prevent the IC circuit from being destroyed from 

the inevitable ESD phenomenon. It was verified 

that the reliability of the IC can be improved 

through effective current discharge due to ESD 

surge. The proposed LDO regulator, 

implemented in a 0.18μm BCD process, achieves 

an undershoot voltage of 25 mV and an 

overshoot voltage of 28 mV for a load current of 

300 mA. 

Proposed LDO regulator with analog switch structure: 

The modern electronic device should be able to provide 

stable voltage and current under a variety of conditions. 

The LDO regulator used in the electronic device is a 

system that requires various voltages and load currents. 

Therefore, the LDO regulator must stably drive regardless 

of the change of load current [1, 2]. In addition, as ICs are 

miniaturized and integrated, circuit failures frequently 

occur in mobile devices using the low voltage due to 

electrostatic discharge (ESD). This is an important part of 

the impact on overall reliability, including productivity 

and reliability. To avoid this damage, it is important to 

improve the manufacturing environment and transport 

conditions of the IC, but the most important factor is to 

prevent external inflow and discharge of the ESD through 

ESD protection circuits built into the IC circuit. The LDO 

regulator proposed in this study designed an ESD 

protection circuit in the operating area suitable for low 

voltage applications and based on it has been confirmed to 

be robust to HBM 6kV or higher [4]. As a result, the 

proposed LDO regulator has configured an ESD 

protection circuit to ensure the high reliability. Figure 1 

shows a block diagram of the proposed LDO regulator 

Fig 1 Block diagram of the proposed LDO regulator using 

analog switch structure 

Fig 2 Analog switch structure according to each situation 

 
Fig 3 LRSCR (Low Ron Silicon Control Rectifier) 
using an analog switch structure. Namely, it consists of an 

analog switch structure and a highly reliable ESD 

protection circuit. The momentary change of load current 

will affect the output voltage of the LDO regulator. LDO 

regulators must have a function to satisfy the various load 

current amounts. The proposed LDO regulator as shown 

in Figure 2 is input to the analog switch structure through 

output voltage level conversion, which can effectively 

control the output voltage with an analog switch structure 

in response to changes in load current. In the case of 

undershoot condition, a current is further discharged to the 

gate terminal of the pass transistor, and an additional 

current is supplied to the output stage to control the output 

voltage more effectively. Conversely, in overshoot 

situations, the gate terminal of the pass transistor is 

supplied with additional current, and the output stage 

discharges the additional current to effectively control the 

output voltage [3]. 

Proposed ESD protection circuit with LRSCR structure: 

According to Figure 3, the proposed LRSCR-based ESD 

protection circuit introduces a ground gate NMOS 

(GGNMOS) to lower the trigger voltage by causing the 

avalanche breakdown at the N-well and P-well junctions 

of the existing SCR to occur between the N+ diffusion 
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and P-well regions. The second parasitic PNP BJT (PNP2) 

is also operated in parallel through an additional P+ 

diffusion region (anode)/P-well/P+ diffusion region 

(cathode). Because PNP2 discharges ESD current by 

forming an additional parallel discharge path, the on-

resistance is reduced and the robustness is increased [4-8].  

Result and discussion: The proposed LDO regulator are 

designed with 0.18μm BCD process and its chip size is 

510 × 462μm as shown in Figure 4. The analog switch 

structure has a function of effectively controlling the peak 

voltage by turning on/off the required current depending 

on the load. In addition, the proposed ESD protection 

circuit was configured and verified to effectively 

discharge the ESD surges in the mobile devices using the 

low voltage. Figures 5 and 6 are the results of measuring 

the transient response characteristics and the load 

regulation of the proposed LDO regulator. The proposed 

LDO regulator is effectively improved by adding a 

function to turn the current on/off using an analog switch 

to the peak voltage caused by the load current. When the 

load current is applied up to 300 mA, an undershoot 

voltage of 25 mV and an overshoot voltage of 28 mV 

were secured. As a result, it was verified that the analog 

switch structure of the proposed LDO regulator forms a 

system that could turn on/off a current additionally except 

for the existing current path and effectively controls the 

power voltage. Also, the LDO regulator using the analog 

switch structure ensured a change in the power voltage of 

7 mV in the load current range of 0 to 300 mA. Figure 7 

shows the result of measuring the quiescent current 

generated by the proposed LDO regulator. The quiescent 

current is a major variable that affects the performance of 

battery powered devices. A large quiescent current means 

that power is consumed continuously even when the 

device is not operating. It was confirmed that the 

proposed LDO regulator consumes 41μA of the quiescent 

current. And also, the proposed ESD protection circuit is 

designed to fit the ESD design window for applications 

using 5V by increasing the holding voltage to 5.98V. 

Thereby, it was confirmed that the proposed ESD 

protection circuit maintains lower trigger voltage, higher 

holding voltage, higher robustness, and lower ON 

resistance compared to the conventional SCR as shown in 

Figure 8. As a result, the proposed ESD protection circuit 

can discharge current more efficiently than conventional 

SCRs due to the larger current-driving capacity in 

applications using a 5-volt power clamp. 

 Fig 4 Chip layout of analog switch structure LDO regulator 
including ESD protection circuit 

 Fig 5 Transient response measurement result of analog switch 
structure LDO regulator 

 

Fig 6 Load regulation measurement result of analog switch 
structure LDO regulator 

 
Fig 7 Quiescent current measurement result of analog switch 
structure LDO regulator 

Therefore, the proposed ESD protection circuit has 

improved high reliability of 5V applications. Figure 9 

measures and validates the thermal reliability of the 

proposed ESD protection circuit at high temperatures 

(300-500K). According to the measurement results, the 

proposed LRSCR at a high temperature of 500K has a 

maintenance voltage of 5.2V. 
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 Fig 8 TLP I–V characteristic of proposed ESD protection circuit 

 Fig 9 High temperature (300-500K) electrical characteristics 

and the secondary trigger current is still high at 5.25A, 

which shows the high tolerance characteristics of the 

proposed circuit. Therefore, the proposed ESD protection 

element has excellent thermal reliability and high 

temperature characteristics. 

Conclusion: The LDO regulators frequently used in the 

mobile devices must provide a linear voltage not only for 

a stable voltage, but also for the external ESD situations 

and the various load currents. The proposed LDO 

regulator using an analog switch structure is designed to 

have a system that can additionally turn the current on/off, 

including the existing current path. According to the 

measurement results, the proposed LDO regulator ensured 

an undershoot voltage of 25 mV and an overshoot voltage 

of 28 mV, even with a large load current of 300 mA. It 

was verified that the output voltage is effective in making 

it insensitive to changes in a large load current. 

Furthermore, the proposed high-reliability ESD protection 

circuit optimizes effective IC protection in low-voltage 

devices. As a result, the proposed LDO regulator was 

verified to ensure stable power voltage even at large load 

currents and high reliability of IC even in ESD situations. 
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